We calculated the polarization degree of hydrogen Balmer broad emission lines from a number of active galactic nuclei (AGNs) with determined virial factors. The objects were selected from the sample presented by Decarli et al. (2008) . In our calculations, we used the model of the flattened disc-like structure of the broad-line emission region (BLR). In this model, the expression for the virial factor makes it possible to determine the inclination angle for the flattened BLR, which in turn yields the polarization degree of the broad emission lines. As a result, we obtained the direct relation between the polarization degree and the virial factor. We also compared the determined values of the polarization degree with those obtained in polarimetric observations.
INTRODUCTION
Accretion discs exist around supermassive black holes (SMBHs) in active galactic nuclei (AGNs). The broad optical/UV emission lines in the spectra of Seyfert 1 galaxies and quasars are produced at the distances of about 1 to 100 light days from the central black hole. The regions that emit these lines are spatially unresolved, even for the nearest AGNs. The basic information about the sizes of the broad-line emitting regions (BLR) is generally obtained from the delayed variability of the intensities of integrated emission lines with respect to the continuum radiation. This method is usually called "reverberation mapping" (Cherepashchuk & Lyutyi 1973) . BLRs are stratified: lines from highly ionized species originate closer to the central ionizing source than do lines from lower ions (Gaskell & Sparke 1986; Krolik et al. 1991; Peterson & Wandel 2000; Kollatschny 2003; Kollatschny & Zetzl 2013) .
The main problem is the origin of the structure and kinematics of BLRs. Gaskell & Goosmann (2013) suggested that a BLR is a part of the outer accretion disc and that similar MHD processes occur. A disc-like geometry for a BLR was proposed by several authors (Labita et al. 2006; Decarli et al. 2008) . Some authors suggest that the BLR cannot be completely flat (Collin et al. 2006) , which implies that a disc may have a finite half-thickness H, or a profile with H increasing with the disc radius. Some models suggest the existence of warped discs (Tremaine & Davis 2014) .
Properties of the broad emission lines can be used
to estimate the mass of the central SMBH. The traditional method is based on the virial theorem: the mass of SMBH is estimated from the following relation :
where MBH is the mass of the black hole, RBLR is the radius of BLR, VBLR is the velocity of accreting gas in BLR, which is usually measured as the full width of the emission line in the BLR emission spectrum, and f is the virial factor that defines the geometry, velocity field, and orientation of the BLR. Thereby, the virial factor f depends on the inclination angle i of the BLR. According to Collin et al. (2006) and Decarli et al. (2011) , the expression for the virial factor can be presented in the following form:
where H/R is the aspect ratio of the disc. For a geometrically thin disc, the equation (2) reduces to (McLure & Dunlop 2001) :
Within these limits, the virial factor f ranges from 0.5 (edgeon discs) to ∞ (face-on discs). For small inclination angles, when i → 0, f → 0.25(H/R) −2 and f = 1 for H = 0.5R. There are a number of papers (Decarli et al. 2008 (Decarli et al. , 2011 ; Table 1 . The dependence of the degree of polarization on the virial factor f = V BLR /F W HM with the absorption ratio q = 0.0, 0.01, 0.05, 0.1, 0.2, 0.3 for objects from Decarli et al. (2008) . Labita et al. 2008) , in which the virial factors were determined for SMBHs in the sufficiently large number of AGNS. Our sample of AGN includes the targets for which the virial factor is determined by authors of publications (Table  1) and the targets for which the polarization of broad line emission and continuum was measured (Table 2) .
Here, we determine the polarization degree of the radiation of BLR of AGNs from the lists of Decarli et al. (2008 Decarli et al. ( , 2011 and Labita et al. (2008) . To estimate the degree of polarization, we used the equation (3) which allows us to obtain the value of the inclination angle i directly from the polarization degree of the radiation of the disc-like structure, on the basis of the widely accepted theory developed by Chandrasekhar (1950) and Sobolev (1963) . For a disc-like structure, the scattered radiation displays the maximum linear polarization P l = 11.7% when the line of sight is perpendicular to the normal to the semi-infinite atmosphere (Milne problem). Chandrasekhar (1950) and Sobolev (1963) presented the solution for the so-called Milne problem. Their solution corresponds to multiple scattering of light in optically thick flattened atmospheres and can be applied to BLR. The idea of inferring the inclination of the accretion disc around a black hole from observations of its polarized continuum was suggested by Li et al. (2009) .
The values of polarization P l (µ), where µ = cos i, are presented in the detailed table from our earlier paper Gnedin et al. (2015) . The table also presents the dependence of the polarization degree on the absorption degree q = σa/(σs + σa), where σa is the absorption cross-section, and σs is the cross-section of scattering.
Using the data from Gnedin et al. (2015) we presented at Fig.1 the dependence of the polarization degree on the virial factor according to Eq.(3), taking into account the effect of absorption in BLR. It is very important that the effect of absorption provides the increase in the polarization degree.
Polarization of radiation emitted from the plane-parallel medium is determined by the anisotropy of the radiation. If the radiation is isotropic it is unpolarized. In the case of pure scattering (q = 0.0) the multiple scattered radiation becomes more and more isotropic with the distance from the source of radiation. Absorption increases the anisotropy of outgoing radiation and hence increases the polarization Table 2 . Comparison of determined and observed polarization degrees for AGNs from Decarli et al. (2008) sample. Columns: 1. Object; 2. Redshift; 3. The virial product; 4. The virial factor determined by Eq.(1); 5. The BLR inclination angle obtained from Eq.(3); 6. δi = i BLR − i P , where i P is the inclination angle determined from polarimetric data; 7. The ratio H/R for the BLR disk-like structure according to Eq.(2); 8. The polarization degree of BLR emission; 9. Wide band polarization from the observed data. Observational data are taken from (1) Wills et al. (1992) , (2) Afanasiev et al. (2011) , (3) Berriman et al. (1990) , (4) Takalo et al. (1992) , (5) Hines et al. (2001) . degree (see details in Dolginov et al. (1995) ). Fig.1 demonstrates the increase in polarization degree with the increase in the degree of absorption q.
We calculated the polarization degree for a number of AGNs for which the virial factor had been obtained.
The basic problem is whether it is possible to apply the Chanrasekhar-Sobolev theory of multiple scattering to BLR radiation. The key issue is the optical thickness and geometry of BLR. According to Kollatschny & Zetzl (2013) , the BLR is a geometrically thick disk with a thickness-toradius ratio H/R < 1.0. Kollatschny & Zetzl (2013) estimated the ratio H/R for some AGNs. For example, for NGC 5548 this estimate is H/R ≈ 0.1. It allows to estimate the optical thickness of BLR, using the value of the gas density near the inner radius of BLR as NH = 10 11.5 cm With this value, we estimated the optical thickness of BLR for the Thomson scattering as follows: τ = NH σ T h H = 10 3 . It means that the BLR is really a disk-like, optically thick structure and one can use ChanrdasekharSobolev theory to estimate the polarization degree of BLR emission.
THE POLARIZATION OF RADIATION FROM GEOMETRICALLY THIN BLR FOR QUASARS WITH DETERMINED VIRIAL FACTORS
Decarli et al. (2008) presented the values of the virial prod- uct and the virial factor for a number of quasars (see Table  5 from their paper). The virial products are estimated from the luminosity of the host galaxy, namely, on the basis of MBH −L bulge relation. The mean value of the virial factor is f 0.5 = 1.6 ± 1.1. The real values of f for the specific quasars are presented in the column 4 of Table 5 of Decarli et al. (2008) . Then, using Eq.(3) we obtained the values of sin i and the inclination angle i itself. Using the data from Table 1 from our paper Gnedin et al. (2015) , we estimated the polarization degree dependent on µ = cos i and the absorption ratio q. Eq.(3) makes it possible to determine the dependence of the polarization degree of broad emission lines on the virial factor. This dependence is presented in Fig.1 .
Note that we use the virial factor f from Table 5 of Decarli et al. (2008) , where the virial product (MBH ) rather than the BH mass is presented, and the latter is derived from the absolute magnitude of the bulge component. We should emphasize that in our Table 2 we use only the virial factor f , but not the real value of MBH . Thus, we show that polarimetric observations make it possible to estimate independently the virial factor f , which is commonly used to estimate MBH .
The final results of our calculations are presented in the Table 1 . The quasars with determined virial factor f (Decarli et al. 2008 ) are listed in the first column of this Table. It should be emphasized that Decarli et al. (2008) determined the virial factors as VBLR = f F W HM . Thereby, the virial factors from Eq.(3) and from Decarli et al. (2008) are connected via the relation f (Eq.3) = f 2 (Decarli).
COMPARISON OF THE DETERMINED POLARIZATION DEGREE WITH THE OBSERVED DATA
It is important to compare the determined polarization degree with the published data of polarimetric observations. Unfortunately, the polarimetric data for the objects with determined virial factor presented by Decarli et al. (2008) (Table 1 in our paper) were obtained in broad bands with the concentration near V band (Berriman et al. 1990; Wills et al. 1992; Afanasiev et al. 2011 ). The comparison is presented in Table 2 , which demonstrates that our estimates for the polarization degree coincide with the observed data for 20 AGNs. This fact may indicate the equality between inclination angles of BLR and that of the standard accretion disc, i.e. iBLR = ia, where ia is the inclination angle of the accretion disc. For a number of objects, such as 0133+207, 0953+415, 1100+772, 1216+069, 1307+085, 1635+119 and 1704+608 it is found that the BLRs of these objects are geometrically thick discs, in accordance with Eq.(2). The information about the geometrically thick BLR can be obtained with Eqs. (1)-(3) . The real value of the virial factor can be obtained from Eq.(1) with the BH mass presented in the column 3 of our Table 2 . The data on RBLR and VBLR can be obtained from Decarli et al. (2008) and Decarli et al. (2011) . To estimate the geometrical thickness of BLR, we used Eq.(2). In this case the virial factor f depends on sin i, which in turn can be obtained from the measured polarization degrees using Chandrasekhar-Sobolev theory of generation of polarization due to multiple scattering in an optically thick disk of the same type as the objects considered.
CONCLUSION
We calculated the expected polarization of hydrogen broadline emission for the sample of AGNs presented by Decarli et al. (2008) , under the assumption of the disc-like structure of the BLR; both geometrically thin and geometrically thick discs were considered. If the disc of BLR is geometrically thin, the virial factor takes a form f = (2 sin i) −2 . For the geometrically thick disc-like structure, the virial factor is derived via Eq.(2). For a number of objects, BLRs are geometrically thick disc-like structures. This fact confirms the conclusion that H α,β lines are emitted in a more distant region than are UV lines (CIV, MgII) and that the disc is thinner in the inner region, where CIV and MgII lines are emitted (Decarli et al. 2008) . The virial factor f clearly depends on the width of broad lines, which implies that for a geometrically thin disc-like structure of BLR, the polarization degree of the line emission and the width of this line strongly correlate. For a number of objects, our estimated values of polarization degree are consistent with those observed (Table 2) . For a number of other objects, systematic polarimetric observations are still needed.
